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Abstract
Familial hypertrophic cardiomyopathy is
a genetically and phenotypically heteroge-
neous disease caused by mutations in
seven sarcomeric protein genes. It is
known to be transmitted as an autosomal
dominant trait with rare de novo muta-
tions.

A French family in which two members
are aVected by hypertrophic cardiomyo-
pathy was clinically screened with electro-
cardiography and echocardiography.
Genetic analyses were performed on leu-
cocyte DNA by haplotype analysis with
microsatellite markers at the MYH7 locus
and mutation screening by single strand
conformation polymorphism analysis.
Two subjects exhibited severe hyper-
trophic cardiomyopathy. A mutation in
the MYH7 gene was found in exon 14
(Arg453Cys). The two aVected patients
were carriers of the mutation, which was
not found in the circulating lymphocytes
of their parents. Haplotype analysis at the
MYH7 locus with two intragenic microsat-
ellite markers (MYOI and MYOII) and the
absence of the mutation in the father’s
sperm DNA suggested that the mutation
had been inherited from the mother.
However, it was not found in either her
fibroblasts or hair.

This is the first description of germline
mosaicism shown by molecular genetic
analysis in an autosomal dominant disor-
der and more especially in hypertrophic
cardiomyopathy. This mosaicism had
been inherited from the mother but did
not aVect her somatic cells. Such a
phenomenon might account for some de
novo mutations in familial hypertrophic
cardiomyopathy.
(J Med Genet 2000;37:132–134)
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Familial hypertrophic cardiomyopathy (FHC)
is characterised by hypertrophy of the non-
dilated left ventricle with predominant in-
volvement of the interventricular septum
(IVS) in the absence of other causes of
hypertrophy.1 It is a genetically and phenotypi-
cally heterogeneous disease transmitted as an
autosomal dominant trait. There is consider-
able clinical heterogeneity and most patients
are asymptomatic or have mild symptoms such
as dyspnoea, chest pain, or lipothymia.2 The

major complications are sudden cardiac death3

and severe heart failure. Clinical diagnosis of
FHC is routinely based on ECG and echocar-
diographic abnormalities as described in
children4 and adults.5 The genetic heterogen-
eity of this disease is illustrated by the identifi-
cation of mutations in seven genes coding for
sarcomeric proteins. Three contractile pro-
teins are encoded by the â myosin heavy chain
gene (MYH7) located on chromosome 14, the
ventricular myosin essential light chain 1 gene
(MYL3) on chromosome 3, and the ventricu-
lar myosin regulatory light chain 2 gene
(MYL2) on chromosome 12. Three associated
proteins are encoded by the cardiac troponin
T gene (TNNT2) on chromosome 1, the
cardiac troponin I gene (TNNI3) on chromo-
some 19, and the á tropomyosin gene (TPM1)
on chromosome 15. The last protein is the
cardiac myosin binding protein C encoded by
the MYBPC3 gene on chromosome 11.6 All
these proteins are involved in sarcomeric
function and hypertrophy is considered to be a
compensatory phenomenon to quantitative or
qualitative abnormalities of the contractile
process. We describe here the first case of
germline mosaicism in a French family
aVected by FHC.

Methods
SUBJECTS

After informed consent was obtained under the
guidelines of the Comité d’éthique du Centre
Hospitalier Universitaire de la Pitié-Salpêtrière
(Paris), all genotyped subjects underwent clini-
cal and cardiovascular examination including a
12 lead electrocardiogram (ECG) and M
mode, two dimensional, and Doppler echo-
cardiography at the time of genotyping. The
diagnosis of FHC was based on ECG or echo-
cardiography or both.5 The major echo diag-
nostic criterion was a 2D echo left ventricular
end diastolic maximal wall thickness >13 mm.
Major ECG abnormalities were a left ventricu-
lar hypertrophy (LVH) assessed by the
Romhilt-Estes score, deep Q waves >0.04 sec
or >1/3R wave, or significant ST-T changes.
Two dimensional end diastolic left ventricular
wall thickness measurements were obtained at
diVerent locations (anterior and posterior sep-
tum, anterolateral and posterior wall) from the
parasternal short axis view at both the mitral
valve and the papillary muscle levels and at the
parasternal long axis view. The degree and
extent of left ventricular hypertrophy were
assessed by the maximal wall thickness and a
scoring system proposed by Spirito and
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Maron.7 The distribution of hypertrophy was
assessed according to the classification of
Maron et al.8

GENETIC ANALYSIS

Genetic studies were first performed on
genomic DNA extracted from circulating lym-
phocytes. Then, the DNA from the father’s
spermatozoa and the mother’s fibroblasts and
hair was investigated. The screening of muta-
tions in the MYH7 gene was performed by
DNA single strand conformation polymor-
phism analysis (SSCP) after PCR amplification
of each exon with primers designed in intronic
flanking regions according to the sequence
previously described.9 Then the fragments with
an abnormal profile were sequenced on both
strands by cycle sequencing on an automated
laser fluorescent DNA sequencer. In order to
determine the parental allele carrying the
mutation, haplotype analysis with microsatel-
lite typing was performed with the two MYOI
and MYOII intragenic MYH7 markers.10 Pa-
ternity testing with 17 polymorphic informa-
tive microsatellite markers located on chromo-
somes 11, 1, 15, and 12 was performed using
standard techniques.

Results
Family Q is a French family with no history of
sudden death. The nuclear family pedigree is
shown in fig 1. Two subjects, Nos 3 and 5, were
clinically aVected and exhibited a typical and
severe form of FHC. The clinical and echocar-
diographic characteristics of the two aVected
subjects, their brother, and parents are shown
in table 1.

Subject 3 is a 21 year old woman. She
underwent a pacemaker implantation in 1994
and a myotomy-myectomy in 1995 as she
exhibited a symptomatic obstructive form of
FHC despite medical treatment; however, she
remains symptomatic. The ECG exhibits
minor abnormalities but the interventricular
septum remains dramatically hypertrophied
(31 mm). Subject 5 is her 14 year old aVected
brother. He remains symptomatic despite
medical treatment (a beta blocker agent). His
ECG shows minor abnormalities and the
maximal 2D echo left ventricular thickness is
25 mm. Subject 4 is the second brother. His
clinical examination, ECG, and echocardio-
graph are normal and he is considered
clinically unaVected. Subjects 1 and 2 are their
parents. They are both asymptomatic and their
ECG and echocardiographs are normal. Thus,
they were considered to be clinically unaf-
fected. The other 18 members were systemati-
cally screened. All showed normal clinical,
ECG, and echocardiographic findings.

The SSCP screening of the first 24 MYH7
exons followed by sequencing of the abnormal
profiles enabled us to identify a C to T
mutation in exon 14 leading to an Arg453Cys
mutation in the protein. This Arg453Cys mis-
sense mutation was found only in subjects 3
and 5 but not in the brother, subject 4, or the
two parents (fig 1). Paternity testing was done
by haplotyping five loci with 17 polymorphic
informative microsatellite markers and con-
firmed the compatibility. To determine if the
mutation was transmitted by the father or the
mother, we performed a haplotype analysis on
chromosome 14 containing the MYH7 locus
and found that only the particular 3-3
haplotype transmitted by the mother was
present in the two aVected children. We
checked that the father was not the mutation
transmitter by testing the absence of the muta-
tion in his sperm cells. Moreover, the mutation
was absent in the mother’s DNA from her
somatic cells (fibroblasts, hair).

Table 1 Clinical, ECG, and echocardiographic characteristics of the family. (Max IVS:
maximal end diastolic interventricular wall thickness)

No
Age
(y)

Sex
(M/F) Symptoms ECG abnormalities

Max lVS
(mm)

1 42 M 0 0 12
2 42 F 0 0 8
3 21 F Dyspnoea (NYHA III) Minor: deep S waves in leads V5V6 31
4 18 M 0 0 9
5 14 M Dyspnoea (NYHA II)

lipothymia
Minor: negative T wave
(aVL)SV1+RV5 = 33 mm

25

Figure 1 Family pedigree with haplotype and SSCP
results. The two MYH7 gene intragenic markers MYOI
and MYOII are listed from top to bottom. Inheritance of
the 3-3 haplotype is shaded grey. The two aVected children
had the same maternal haplotype as did the unaVected
child, which is compatible with germline mosaicism for a
mutation in the MYH7 gene. Below the pedigree is the
SSCP pattern of amplified exon 14. Lanes 1, 2, and 4
contain DNA fragments from the parents and unaVected
child, lanes 3 and 5 contain DNA from the two aVected
children showing a nucleotide sequence change.
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Discussion
We describe here a mutation in the MYH7
gene, which seems to be associated with a
severe form of early onset hypertrophic cardio-
myopathy. Amino acid alignment across spe-
cies and isoforms showed that this mutated
residue located in the actin binding domain of
the â myosin heavy chain is highly conserved,
suggesting an important role for the function of
the protein. This mutation had previously been
described to be associated with a severe form of
FHC.11 Moreover, germline mosaicism is still
unknown in cardiac diseases,12 but was sus-
pected in this family in which two children
aVected with a dominant disorder were born to
phenotypically and genetically unaVected par-
ents with no family history of hypertrophic
cardiomyopathy. This hypothesis was con-
firmed because the Arg453Cys mutation was
found in the two aVected children but not in
the parents. This germ cell mosaicism is of
maternal origin and two possibilities should be
considered. Either the mutation occurred
through the mother in a germ cell that contin-
ued dividing or it occurred earlier in a cell
before its separation into germinal cells and is
therefore present in the mother’s germinal and
somatic cells.13 In autosomal dominant diseases
the probability of this second hypothesis is
evaluated to be about 50%. To assess this
hypothesis, we looked for the mutation in the
mother’s fibroblast and hair DNA. The degree
of somatic mosaicism may vary according to
the tissue and the mutation may be absent in
white blood cells and detectable only in
fibroblasts or other tissues, such as hair,
muscle, and buccal smear.14 Finally, we did not
find the mutation in the mother’s somatic cells
and thus we describe here the first case of
female germline mosaicism which is not
associated with somatic mosaicism.

Female germline mosaicism has been re-
ported in several X linked diseases, particularly
in Duchenne muscular dystrophy (DMD),15

but rarely in autosomal dominant disorders.
Moreover, the few reports of female germline
mosaicism in autosomal dominant diseases
were all associated with somatic mosaicism.
The only report of a potential female germline
mosaicism with no somatic one was recently
described in tuberous sclerosis16 on the basis of
the absence of the mutation in the mother’s
circulating lymphocytes. Thus, this report is
the first description of a case of female
germline mosaicism with no somatic mosai-
cism assessed by molecular genetic analysis in
familial hypertrophy cardiomyopathy.

As this is a new phenomenon in cardiology,
its extent cannot yet be evaluated but it might
account for some apparently de novo muta-
tions in families aVected by the disease.17 Up to
now, genetic screening consisted of the search
for mutations in lymphocyte DNA but has not
been attempted in fibroblast DNA.18 The pub-
lished frequency of germline mosaicism in the
case of de novo mutations varies widely
depending on the clinical expression of mosai-
cism for diVerent genes and on the type of
mutations. It ranges from 0% in Apert
syndrome to 11-20% in haemophilia A and B,

Duchenne muscular dystrophy, or facioscapu-
lohumeral dystrophy,12 and about two thirds of
cases are sporadic in tuberous sclerosis.19 In the
case of FHC, a dominant disease with
incomplete penetrance, the knowledge that
germline mosaicism may exist excludes the
possibility of indirect diagnosis by linkage
analysis and indicates that mutation identifica-
tion is essential.20 Thus, further investigations
are necessary to evaluate the clinical
importance and frequency of germline mosai-
cism in FHC and its consequences in terms of
genetic counselling.13

PR, LC, CL, GB, MK, KS, and BH are members of the Institut
Federatif de Recherche “Coeur, muscle et vaisseaux” No 14. We
are indebted to Dr Josué Feingold from INSERM UR155
(University of Paris VII) for helpful discussion. This work was
supported by INSERM (Réseau de Recherche Clinique No
4R009B), the Association Française contre les Myopathies, the
Fédération Française de Cardiologie, and the Délégation à la
Recherche Clinique de l’Assistance Publique-Hopitaux de Paris
(Crédits EMUL et IFR No 14 “Cœur, Muscle et Vaisseaux”).

1 Report of the 1995 World Health Organisation/
International Society and Federation of Cardiology Task
Force on the definition and classification of cardiomyopa-
thies. Circulation 1996;93:841-2.

2 Wigle AD, Rakowski H, Kimball BP, Williams WG. Hyper-
trophic cardiomyopathy: clinical spectrum and treatment.
Circulation 1995;92:1680-92.

3 Spirito P, Seidman CE, Mckenna WJ, Maron BJ. The man-
agement of hypertrophic cardiomyopathy. N Engl J Med
1997;336:775-85.

4 Charron P, Dubourg O, Desnos M, et al. Diagnostic value of
electrocardiography and echocardiography for familial
hypertrophic cardiomyopathy in genotyped children. Eur
Heart J 1998;19:1377-81.

5 Charron P, Dubourg O, Desnos M, et al. Diagnostic value of
electrocardiography and echocardiography for familial
hypertrophic cardiomyopathy in a genotyped adult popula-
tion. Circulation 1997;96:214-19.

6 Bonne G, Carrier L, Richard P, Hainque B, Schwartz K.
Familial hypertrophic cardiomyopathy: from mutations to
functional defects. Circ Res 1998;83:579-93.

7 Spirito P, Maron BJ. Relation between extent of left
ventricular hypertrophy and diastolic filling abnormalities
in hypertrophic cardiomyopathy. J Am Coll Cardiol
1990;15:808-13.

8 Maron BJ, Gottdiener JS, Epstein S. Patterns and
significance of distribution of left ventricular hypertrophy
in hypertrophic cardiomyopathy. A wide angle, two dimen-
sional echocardiographic study of 125 patients. J Am Coll
Cardiol 1981;48:418-28.

9 Liew CC, Sole MJ, Yamauchi-Takihar K, et al. Complete
sequence and organization of the human cardiac â-myosin
heavy chain gene. Nucleic Acids Res 1990;18:3647-51.

10 Fougerousse F, Dufour C, Roudaut C, Beckmann JS. Dinu-
cleotide repeat polymorphism at the human gene for
cardiac beta-myosin heavy chain (MYH7). Hum Mol Genet
1992;1:64.

11 Watkins H, Rosenzweig T, Hwang DS, et al. Characteristic
and prognostic implications of myosin missense mutations
in familial hypertrophic cardiomyopathy. N Engl J Med
1992;326:1106-14.

12 Zlotogora J. Germ line mosaicism. Hum Genet 1998;102:
381-6.

13 Bernard A. The importance of genetic mosaicism in human
disease. N Engl J Med 1994;331:1447-9.

14 Putnam E, Park ES, Aalfs C, Hennekam R, Milewicz D.
Parental somatic and germ line mosaicism for a FBN2
mutation and analysis of FBN2 transcripts levels in dermal
fibroblasts. Am J Hum Genet 1997;60:818-27.

15 van Essen A, Abbs S, Baiger M, et al. Parental origin and
germ line mosaicism of deletions and duplications of the
dystrophin gene: a European study. Hum Genet 1992;88:
249-57.

16 Yates J, van Bakel I, Sepp T, et al. Female germline
mosaicism in tuberous sclerosis confirmed by molecular
genetic analysis. Hum Mol Genet 1997;6:2265-9.

17 Watkins H, Thierfelder L, Hwang DS, McKenna WJ,
Seidman JG, Seidman CE. Sporadic hypertrophic cardio-
myopathy due to de novo myosin mutations. J Clin Invest
1992;90:1666-71.

18 Rosenzweig A, Watkins HC, Hwang DS, et al. Preclinical
diagnosis of familial hypertrophic cardiomyopathy by
genetic analysis of blood lymphocytes. N Engl J Med 1991;
325:1753-60.

19 Kwiatkowska J, Wigowska-Sowinska J, Napierala D, Slom-
ski R, Kwiatkowski D. Mosaicism in tuberous sclerosis as a
potential cause of the failure of molecular diagnosis. N Engl
J Med 1999;340:703-7.

20 Vincent MC, Guiraud-Chaumeil C, Laporte J, Manouvrier-
Hanu S, Mandel JL. Extensive germinal mosaicism in a
family with X linked myotubular myopathy simulates
genetic heterogeneity. J Med Genet 1998;35:241-3.

134 Forissier, Richard, Briault, et al

http://jmg.bmj.com

